A B S T R A C T The inter-organ flux of substrates after a protein-rich meal was studied in seven healthy subjects and in eight patients with diabetes mellitus. Arterial concentrations as well as leg and splanchnic exchange of amino acids, carbohydate substrates, free fatty acids (FFA), and ketone bodies were examined in the basal state and for 3 h after the ingestion of lean beef (3 g/kg body wt). Insulin was withheld for 24 h before the study in the diabetic patients.
their rate of output from the leg declined transiently at 30-60 min.
In the diabetics, the splanchnic exchange of amino acids after protein ingestion was comparable to controls. The positive change in total amino acid balance across the leg in diabetics tended to be greater than in controls at 30 min but thereafter was comparable in the two groups. In contrast, the rise in branched chain amino acid concentrations in arterial blood was 30-50% greater than in controls. Net uptake of branched chain amino acids by the leg was comparable to controls at 30-60 min. However, in contrast to the ongoing leg uptake observed in controls, no significant change from basal in the flux of branched chain amino acids across the leg was observed in the diabetics at 90-180 min. Leg output of alanine and glutamine was also unaffected by protein feeding in the diabetics.
In the normal subjects, the arterial glucose concentration remained within 10% of basal levels and splanchnic glucose output was unchanged after protein intake. In contrast, a greater rise in blood glucose, and a threeto-fourfold increment in splanchnic glucose output was observed at 30-90 min in the diabetics. Protein intake resulted in a doubling of arterial insulin and glucagon in the controls, and in a doubling of arterial glucagon in the diabetics.
It is concluded that (a) repletion of muscle nitrogen occurs after protein ingestion by selective splanchnic escape and muscle uptake of branched chain amino acids despite ongoing peripheral release of alanine and glutamine; (b) in patients with diabetes mellitus, leg uptake of total amino acids is normal or transiently 
INTRODUCTION
It is well established that in normal, postabsorptive man, amino acids, particularly alanine and glutamine, are continuously released by muscle tissue (1) (2) (3) . Muscle output of alanine is further increased during periods of exercise (2) , and persists in spite of hyperinsulinemia (4) . Both in vivo and in vitro studies indicate that glucose-derived pyruvate is the major source of the carbon skeletons required for alanine synthesis in muscle (2, 5, 6) . On the other hand, the pattern and mechanism of nitrogen repletion in muscle tissue and the source of the amino groups for alanine and glutamine synthesis have not been established. The branched chain amino acids have been suggested as the origin of the amino groups for alanine synthesis (2, 5-7) inasmuch as extrahepatic tissues, particularly muscle, have been implicated as the site of their oxidation (8, 9) , and physiologic increments in these amino acids stimulate alanine output from isolated muscle tissue (6, 7) . Since in the postabsorptive state total alpha amino nitrogen balance across muscle is negative (2, 3, 5) and no consistent uptake of branched chain amino acids is observed (2, 3, 5) , repletion of muscle nitrogen is likely to occur mainly in the fed state after a protein-containing meal.
The metabolic response to protein ingestion has received relatively little attention. Early experiments by Van Slyke and Meyer (10) demonstrated that protein ingestion in dogs resulted in increased levels of total circulating amino acids. Subsquent studies in man (11, 12) have indicated that the greatest and most prolonged increments in systemic amino acid concentration induced by protein involve the branched chain amino acids. In addition, protein ingestion is known to be associated with a significant rise in the concentration of circulating insulin (13) as well as glucagon (14) . It has been suggested that the rise in insulin concentration after a protein meal serves to facilitate disposal and utilization of absorbed amino acids by peripheral tissues (13) . Protein-induced hyperglucagonemia has been proposed as a stimulus of hepatic glucose output, thereby counteracting insulin-induced augmentation of peripheral glucose utilization (15) and preventing hypoglycemia after protein feeding (15) . No data are available, however, on splanchnic and muscle exchange of substrates, particularly amino acids and glucose, after the ingestion of a protein-rich meal in normal man. Moreover, the effect of diabetes mellitus with its attendant alterations in insulin and glucagon secretion (14) on the metabolic response to a protein meal has not been established. It may be speculated that an altered hormonal response to protein ingestion in diabetes may influence regional exchange of glucose and amino acids. To test this hypothesis and to examine in normal man the inter-organ flux of substrates after protein ingestion, healthy subjects and patients with diabetes mellitus were studied after the ingestion of a standard protein meal. Arterial concentrations as well as splanchnic and leg exchange of substrates were examined in the basal state and for 3 h after protein intake. Procedure. The studies were performed with the subjects in the recumbent position after an overnight fast (12-14 h). Insulin was withheld for 24 h before the study. Teflon catheters with an outer diameter of 1.2 mm were inserted percutaneously into a femoral artery, both femoral veins, and an antecubital vein. A Cournand catheter (no. 7 or 8) was introduced percutaneously into another antecubital vein and manipulated under fluoroscopic control to a right-sided main hepatic vein. The tip of the catheter was placed 3-4 cm from the wedge position. Patency of the catheters was maintained by intermittent flushing with saline; the hepatic venous catheter was flushed with 1.5% sodium citrate solution; a total of less than 0.3 g was administered to each subject. Heparin was not employed in the study.
METHODS
When the catheters had been introduced, the subjects were studied in the basal state and for 3 h after protein ingestion. They consumed within a period of 15 min a protein meal in the form of boiled lean beef (raw composition, 22% protein, 5% fat) administered in a dose of 3 g (raw weight) per kg body weight. All subjects consumed the entire amount of lean beef. Blood samples for determination of substrate and hormone concentrations were collected simultaneously from the femoral artery and vein and from the hepatic vein repeatedly at timed intervals during a 30-min basal period and for 3 h after protein ingestion. Blood flow to the splanchnic area and the leg was determined in the basal state and repeatedly after protein ingestion. Expired air was collected before and twice after protein intake for measurement of pulmonary oxygen uptake.
Hepatic blood flow was estimated by the continuous infusion technique (17) using indocyanine green dye (18) . Leg blood flow was determined using the indicator dilution procedure described by Jorfeldt and Wahren (19) .
Analytical methods. Glucose was analyzed in whole blood using the glucose oxidase reaction (20) . Lactate (21) , pyruvate (22) , glycerol (23), 3-hydroxy-butyrate, and acetoacetate (24) were determined enzymatically in whole blood. Individual amino acids were measured in whole blood by the automated ion-exchange chromatographic technique (25) . By this technique, glutamine and asparagine emerge as a single peak (25) , and are referred to collectively in the Results section and tables as glutamine plus asparagine (inter-organ exchange of asparagine is negligible [3] ). Glutamate values, on the other hand, are often artifactually elevated with the chromatographic technique (3, 26) and therefore are not reported. Before analysis, the whole blood samples were deproteinized and treated with sodium sulfite to remove glutathione as described previously (25, 26) . This procedure results in loss of the cystine and methionine peaks (25, 26) which are consequently not reported. The basic amino acids were measured in the control group only, in the basal state, and at 60, 120, and 180 min. Plasma glucagon was analyzed by radioimmunoassay using Unger antibody 30K (27) . Plasma-free fatty acids (FFA) were determined using a gas chromatographic method (28) . Indocyanine green dye was determined spectrophotometrically at 805 nm in serum samples. Oxygen saturation was measured spectrophotometrically (29) and hemoglobin concentration was determined by the cyanmethemoglobin technique (30) . Hematocrit was measured using a microcapillary hematocrit centrifuge and corrected for trapped plasma. Expired air was analyzed using the Scholander microtechnique.
Data in the text, tables, and figures are given as mean 13.5±2.0 § * Data are given as mean ±SEM.
$ Data for the basal state represent the mean of two-four observations at 5-10 min intervals. 1 Significantly different from the corresponding value for the basal state, P < 0.025. I I Significantly different from the corresponding value for the basal state, P < 0.01.
-SE. Standard statistical methods (31) have been employed, using the paired t test when applicable.
RESULTS
Oxygen uptake and regional blood flow. Pulmonary oxygen uptake in the basal state was similar in the diabetic patients and the healthy subjects (Table II) . Both groups showed an 8-14% rise in oxygen uptake at 1 h after protein ingestion (P < 0.005), this increment being demonstrable also after 3 h. The respiratory exchange ratio was slightly higher for the diabetics in the basal state (P < 0.05) but did not differ between the groups after protein ingestion. Estimated hepatic blood flow for the diabetics was 15% lower than control in the basal state but rose to the same level after protein ingestion; estimated hepatic blood flow remained unchanged in the control group after the protein meal. Splanchnic oxygen uptake was similar in the two groups in the basal state and increased by 20-35% (P < 0.01) in both groups after protein ingestion. The rise in splanchnic oxygen uptake in the diabetic group could account for, on the average, 55-58% of the simultaneous increase in pulmonary oxygen uptake. (Table III) . During the 1st h after protein ingestion, the diabetics showed a progressive rise in arterial glucose level (P < 0.025-0.01).
In contrast, healthy subjects displayed a small (3-5%) initial decrease in arterial glucose 15 and 30 min after protein intake (P < 0.025-0.01). After this, a slow gradual rise was seen so that 3 h after the protein meal, the arterial glucose concentration exceeded the basal level by 9% (P <0.001). Although the relative increments were comparable in the two groups, the absolute increase was three to fourfold greater for the diabetics (1.57 mmol/liter) than for the healthy subjects (0.42 mmol/liter, P < 0.02).
Lactate and glycerol concentrations were not significantly influenced by protein ingestion in either group (Table III) , although the diabetics showed consistently higher levels of glycerol than did controls P values refer to the significance of the differences between the two groups. The increments at 30 and 90 min (not shown) were also significantly greater (P < 0.05) in the diabetic group (see Table IV ).
(P < 0.05-0.01). Arterial levels of ketone acids and FFA were higher in the diabetic group in the basal state (P <0.025), and throughout the 3-h observation period (P <0.025-0.01) (Table III) . In healthy controls, an initial fall in arterial FFA was seen (55% at 60 min, P < 0.001), and was followed by a gradual return to the basal level during the remaining observation period (Table III) . Arterial concentrations of amino acids in whole blood are presented in Table IV . In agreement with previous observations for plasma concentrations (32) (33) (34) , in the diabetic group there were increments in the concentrations of isoleucine (65%, P < 0.01), leucine (35%, P < 0.025), and valine (15%, P < 0.1). In addition, the diabetic patients showed lower levels of alanine (35%, P < 0.01), threonine (20%, P < 0.05), and aspartate (40%, P < 0.05). After the ingestion of protein, the most pronounced rises in arterial concentration were seen for the branched chain amino acids in both diabetic patients and healthy controls. In the control group, arterial valine, leucine, and isoleucine increased by 100, 170, and 230%, respectively. Smaller increments (20-85%) were seen for taurine, threonine, serine, glycine, alanine, a-aminobutyrate, tyrosine, phenylalanine, ornithine, lysine, and arginine. The mean maximal increments for the branched chain amino acids were 224±23 4umol/liter (valine), 196±21 /lmol/liter (leucine), and 112±10 jmol/liter (isoleucine); for the remaining amino acids, the maximal increments were less than 100 umol/liter. In the diabetics the absolute levels of valine, isoleucine, and leucine as well as their rise above basal at 30-120 min after protein ingestion were 30-50% greater than for the controls (Fig. 1) . As in the basal state, the arterial levels of both alanine and threonine were lower in the diabetics than in controls throughout the observation period (P < 0.01-0.05) ( Table IV) .
The diabetic patients showed a 50% higher arterial glucagon concentration in the basal state in relation to controls (P < 0.05) (Fig. 2) . After protein ingestion there was a prompt rise in arterial glucagon to approximately twice the basal concentration in both groups (P <0.01). These levels were then largely maintained during the remainder of the observation period. After protein ingestion the arterial insulin concentration rose in the healthy controls and after 60 and 90 min reached values approximately twice the basal level (P < 0.025-0.05) ( Table III) .
Splanchnic exchange. Splanchnic glucose output in the basal state was relatively stable in both diabetics and controls (Fig. 2) and there was no significant difference between the groups. After protein ingestion the diabetic patients showed a rise in splanchnic glucose output above basal which persisted for 90 min (P < 0.05-0.01). The peak was threefold above basal level and occurred 45 min after protein ingestion (Fig. 2) . Glucose output then declined gradually to the basal level. Values obtained at 30, 45, and 60 min after protein were significantly greater than the corresponding data for controls (P < 0.05-0.01). In contrast to the changes seen in the diabetics, the healthy subj ects showed a transient 25% reduction in splanchnic glucose output immediately after protein ingestion (P < 0.1) whereupon the glucose output rose and remained at the basal level during the rest of the observation period. Splanchnic uptake of lactate in the basal state was approximately 55% greater in the diabetics than in the controls (Table V) . In the former group lactate uptake was not significantly influenced by the protein meal, while in the latter, a significant reduction to approximately 60% of the basal was seen 30 min after protein intake (P < 0.025). At no time during the remainder of the observation period was significant lactate uptake demonstrable in the control group. Glycerol uptake by the splanchnic area in the basal state was similar in the two groups and remained stable in the controls. In the diabetics a 30-65% increase in glycerol uptake was observed over the 3-h period. (Table V) .
Table VI presents the splanchnic exchange of amino acids in diabetics and controls. In the basal state the quantitatively most important amino acids taken up were alanine and glutamine. In addition, threonine, serine, glycine, tryosine, phenylalanine, lysine, and histidine were taken up. In both groups the ingestion of protein resulted in a large release of amino acids from the splanchnic area, particularly the branched chain amino acids. In controls as well as diabetics, valine, isoleucine, and leucine together accounted for more than half of the total amino acid release at 60 min after the protein meal (200-225 ,umol/min) and were the only amino acids consistently released at 120-180 min. The average output of branched chain amino acids from the splanchnic area was not significantly different in diabetics and controls at any time during the observation period. Besides the branched chain amino acids, smaller outputs were observed at 30-60 min for taurine, threonine, glycine, citrulline, a-aminobutyrate, tyrosine, phenylalanine, ornithine, lysine, and histidine. In contrast to all other amino acids, consistent net splanchnic uptakes of alanine and glutamine were observed in both groups at all times, albeit at transiently reduced rates at 30-60 min.
Net splanchnic exchange of ketone acids and FFA are shown in Table V . In the controls splanchnic output of ketone acids remained stable throughout the 180-min observation period. Net uptake of FFA fell 60-70% during the first 2 h after the protein meal, coincident with the fall in arterial FFA levels. In the diabetics there was a progressive rise in splanchnic output of ketone acids and uptake of FFA. The latter paralleled the rising arterial concentration of FFA. It should be noted, however, that the progressive ketogenesis and rising arterial levels and splanchnic uptake of FFA observed in the diabetics may reflect progressive insulin deficiency rather than an effect of protein ingestion (see Discussion, below). Leg exchange. As indicated in Table VII there was, in the basal state, a significant output of alanine as well as glutamine from the leg tissues, the release being of similar magnitude in the two groups. A small release of valine, isoleucine, and leucine (P <0.025-0.05) was detectable in the controls. In the diabetics net exchange of these amino acids was of such variability that the mean value was not significantly different from zero.
After protein ingestion this pattern was markedly altered. In the control group net uptake by the leg was observed within 30-60 min of protein ingestion for valine, leucine, and isoleucine, and to a lesser extent for threonine, serine, glycine, tyrosine, phenylalanine, lysine, histidine, and arginine. The uptake of the branched chain amino acids accounted for more than half of total leg amino acid uptake at 30-60 min, and for virtually all of the amino acid uptake at 90-180 min. Throughout the 3-h period of observation after protein intake, a continuous net release of alanine and glutamine was observed. A transient 65% decline in the release of alanine was noted, however, at 60 min in the controls (P < 0.01) ( * Data are presented as means ±SEM in micromoles per minute; the basic amino acids (orinithine, lysine, histidine, and arginine) were measured in the control group only.
$ Significantly different from the corresponding value in the basal state, P < 0.01. § Significantly different from the corresponding value in the basal state, P < 0.025. 1 1 Significantly different from the corresponding value in the basal state, P < 0.005. count basal differences between diabetic and control subjects, the change in amino acid flux across the leg induced by protein feeding was compared in the two groups (Fig. 3) . The rise in uptake of total amino acids tended to be greater in the diabetics than in controls at 30 min (0.05 <P <0.1), but was comparable in the two groups throughout the remainder of the 3-h observation period (Fig. 3) . With respect to the branched chain amino acids, the diabetic group showed a significant change in flux to a net uptake at 30 and 60 min which was comparable to controls (Fig. 3) . However, in contrast to the ongoing leg uptake observed in controls, no significant change from the basal flux of branched chain amino acids was demonstrable in the diabetics at 90-180 min (Fig. 3) from basal at all time points (30-180 min, P < 0.02-P < 0.01). In the diabetics it was significantly different from basal at 30 and 60 min (P < 0.005) only.
greater than in the diabetics at 120 and 180 min (P < 0.05). This tendency to a less persistent uptake of branched chain amino acids in the diabetics is also reflected in the absolute net exchange of these amino acids across the leg. In the diabetic group net exchange of valine, leucine, and isoleucine was not significantly different from zero at 90-180 min, while in the controls, consistent leg uptakes were observed (Table VII) providing for repletion of amino acid nitrogen in muscle tissue after protein feeding. After protein ingestion, the branched chain amino acids exceeded all others with respect to their escape from the splanchnic bed, their increase in arterial concentration, and their uptake by peripheral leg tissues. In contrast, only transient splanchnic escape and peripheral uptake was observed for a variety of other amino acids. Inasmuch as the branched chain amino acids account for only 20% of the total amino acid residues in ingested beef (muscle) proteins (6, 35) , their primacy in protein-stimulated amino acid output from the splanchnic bed indicates a unique tendency for these amino acids to escape hepatic uptake and/or metabolism after intestinal absorption. A similar pattern of hepatic amino acid output involving the branched chain amino acids has been noted in a variety of experimental animals (dogs, rats, and sheep) after protein feeding (36) (37) (38) . These observations are in keeping with the relative unimportance of the liver in branched chain amino acid metabolism (8) . In contrast, the relatively minor increments in arterial levels and splanchnic escape of other amino acids suggest a major role for the liver in the uptake and utilization of most amino acids ingested in a protein meal.
Complementing the pattern of splanchnic amino acid output was the key role of valine, leucine, and isoleucine in peripheral nitrogen repletion after protein ingestion. The branched chain amino acids were responsible for more than half of leg amino acid uptake over the 3-h period of protein feeding. Underscoring this finding is the observation that alanine and glutamine are continuously released from the leg (albeit at a transiently reduced rate) and transported to the splanchnic bed in the protein-fed as well as in the fasted state. In a previous report on muscle amino acid uptake after protein feeding involving a single obese subject studied after a 6-wk fast, a predominance of branched chain amino acid extraction was also noted (39) . It is thus clear that the branched chain amino acids are the major source for repletion of muscle nitrogen after protein intake. Furthermore, since the branched chain amino acids comprise only 20% of muscle amino acid residues (6, 35) but are responsible for the majority of proteininduced amino acid uptake, it is likely that these amino acids are not solely utilized for protein synthesis but are largely catabolized in muscle. These data are in keeping with the conclusion that the branched amino acids are the major source of nitrogen for the glucosealanine cycle, (2, 5, 6, 7, 9) and possibly for muscle glutamine synthesis.
The findings in the normal subjects thus suggest the existence of a nitrogen "shuttle" involving muscle, liver, kidney, and the gut, in which alanine, glutamine, and the branched chain amino acids are of major impor-tance. In the fasted as well as the fed state a-amino nitrogen is continuously released from muscle in the form of alanine and glutamine. The liver is the site of alanine uptake while the gut and kidney are the sites of glutamine utilization (26, 40) . After protein feeding, repletion of a-amino nitrogen in muscle tissue occurs primarily in the form of transfer from the gut to muscle of branched chain amino acids contained in ingested protein. In contrast, most of the remaining amino acids in the protein meal are retained within the splanchnic bed and are presumably metabolized within the liver.
In the diabetic group splanchnic output of total and individual amino acids after protein ingestion was comparable to controls. The change in flux of total amino acids across the leg to a net uptake tended to be greater in the diabetics than in controls at 30 min, but thereafter (60-180 min) was comparable in the two groups (Fig. 3) . These findings are in keeping with previous observations in which comparable plasma levels of total a-amino nitrogen were observed in diabetic and control subjects after a protein meal (14, 41) . In contrast to the changes in total amino acids, the arterial increments in the branched chain amino acids were 30-50% greater in the diabetics than in controls. It should be noted in this respect that in the absence of protein ingestion no increment is observed in circulating valine, leucine, or isoleucine in postabsorptive diabetic patients studied over a 3-h period 24 h after their last insulin dose.' Furthermore, in contrast to the persistent positive change from basal in the flux across the leg of branched chain amino acids observed in the controls, in the diabetics a change in flux occurred only at 30 and 60 min (Fig. 3 ). These observations of increased arterial levels and less persistent peripheral uptake of branched chain amino acids in the diabetics are in keeping with the known effects of insulin on muscle and amino acid metabolism. Previous studies have shown that physiologic increments in insulin stimulate muscle amino acid uptake involving particularly leucine and isoleucine (4). Furthermore, the decline in concentration of circulating amino acids accompanying glucose-stimulated insulin secretion is most marked for the branched chain amino acids (42) (43) (44) . The lack of a persistent leg uptake of the branched chain amino acids and the arterial accumulation observed in the diabetic group thus may be related to insulin deficiency. On the other hand, the transiently normal leg extractions of these amino acids observed at 30 and 60 min may reflect a residual effect of previously injected, intermediate acting insulin, and/or transient stimulation of endogenous insulin secretion (45) . ' Felig, P., and R. Sherwin. In preparation.
In addition to the effects of protein ingestion on branched chain amino acid metabolism, a transient but significant reduction in leg alanine output was observed in the normal subjects but not in the diabetics. A variety of studies have indicated that the rate of alanine synthesis in muscle is related to the availability of glucose-derived pyruvate (2, 5, 6) as well as the rate of protein degradation and in situ catabolism of amino acids which provide the amino groups for alanine formation (6, 7, 9) . The increase in peripheral insulin levels accompanying protein ingestion (90-100%; Fig.  2) would not be considered of sufficient magnitude to stimulate peripheral glucose uptake (4, 43, 46, 47) . (This conclusion is supported by the failure to observe a progressive decline in arterial blood glucose levels in the normal subjects in whom splanchnic glucose production showed no increment after protein feeding [Tables  III and V] ). Thus the availability of glucose-derived pyruvate for alanine synthesis in muscle is unlikely to increase after a protein meal. The transient but significant decline in arterial glucose may in fact result in decreased pyruvate availability and thereby contribute to the fall in alanine output. In addition, to the extent that insulin reduces protein catabolism in muscle (48) , an over-all decrease in the availability of amino groups for alanine synthesis might be expected in association with protein-induced hyperinsulinemia. The failure to observe a significant fall in leg alanine output in the diabetics thus may be related to the rising arterial glucose level and/or insulin deficiency.
It should be noted that in view of the changing arterial levels of amino acids induced by the protein meal, the observations on inter-organ exchange were obtained under nonsteady state conditions. Accordingly, the differences noted above between diabetics and controls with respect to branched chain amino acid and alanine metabolism should be considered as indicative of qualitative trends rather than quantitatively definitive.
In addition to the observed effects on amino acid metabolism, the present study provides data on the influence of protein intake on splanchnic glucose exchange. In the control group, splanchnic glucose output tended to remain at basal levels, save for a very transient initial decline. Previous studies from our laboratories have shown that when increments in arterial insulin comparable to those observed with the protein meal (60-100% above basal) are induced in normal subjects by glucose administration, splanchnic glucose output falls to values 80-85% below basal (43, 47) . The failure to observe a similar decline in splanchnic glucose output after a protein meal may well be a consequence of the accompanying hyperglucagonemia. A variety of studies have suggested that net rates of hepatic glucose balance are determined by the ratios of insulin and glucagon (49, 50) . The current data thus provide further evidence of the role of glucagon in the maintenance of hepatic glucose output and in the prevention of hypoglycemia after protein administration in normal man (15) . On the other hand, it should be recalled that most of the amino acids in the protein meal (other than the branched chain amino acids) are retained within the splanchnic bed. A possible role for ingested gluconeogenic substrate in the maintenance of splanchnic glucose output after protein feeding thus cannot be excluded.
A striking finding in the present study was the stimulatory effect of protein feeding on splanchnic glucose output in the diabetics. Splanchnic glucose production rose by 150% in the diabetics and was accompanied by a 1.5-mmol/liter rise in blood glucose, changes which were not observed in the control group (Table V, Fig.  2 ). While a progressive rise in splanchnic glucose output might be anticipated in insulin-deprived diabetics, the return to base line at 2 h (Fig. 2) suggests that the protein meal rather than insulin deficiency per se was responsible for the augmentation in glucose production observed in the diabetics. Several factors may have contributed to this divergence of responses with respect to splanchnic glucose balance. Firstly, although arterial glucagon levels increased in both groups, the effect of the rise in glucagon may have been counteracted by the simultaneous increment in insulin observed in the healthy subjects. Although some residual f-cell function may be retained by long-standing diabetics (45) , it is unlikely that comparable insulin increments occurred in the diabetic subjects. On the other hand, it should be noted that the peak increment in splanchnic glucose output preceded the peak increase in arterial glucagon by 45 min, and returned to base line despite ongoing hyperglucagonemia (Fig. 2) . Among the other factors which may influence the splanchnic glucose response, augmented hepatic availability and disposal of glucogenic amino acids must be considered. As noted above, the splanchnic balance data indicate that in both groups most of the glucogenic amino acids in the protein meal are retained within the splanchnic bed with little escape to peripheral tissues. Inasmuch as portal vein catheterization was not feasible in the present study, no conclusions can be drawn however regarding the effects of diabetes on the rates of intestinal absorption and hepatic uptake of glucogenic amino acids released from ingested proteins. An additional factor which may have contributed to the increase in splanchnic glucose release in the diabetics is the greater availability and splanchnic uptake of FFA (Tables III, V) . Augmented utilization of FFA by the liver would be expected to enhance gluconeogenesis (51) and hence might contribute to the rise in splanchnic glucose output. The greater glycemic response to protein ingestion in the diabetic group may thus reflect the combined effects of altered levels of hormones, as well as changes in availability and uptake of glycogenic precursors and energy-yielding substrates.
Finally, it should be emphasized that while the diabetics differed from the controls with respect to the progressive rise in arterial FFA and ketones (Table  III) , these changes may not be a consequence of protein ingestion but may reflect progressive insulin deficiency independent of protein feeding.
